Abstract: Prelacteal feeding practices are associated with an increased risk of diarrhoea and many early-life diseases. This paper examined trends and predictors of prelacteal feeding practices in Nigeria. A sample of 6416 infants aged 0-6 months from the Nigeria Demographic and Health Survey data for the period (2003-2013) was used. Trends and multilevel logistic regression analyses were used to determine the predictors. The trends of prelacteal feeding rates fluctuated between 55% and 66% over the study period and were significantly lower among mothers with secondary or higher levels of education (13.1%, 95% confidence interval (CI): 0.54-25.9, p-value = 0.041), delivered at the health facility (13.7%, CI: 1.39-25.9, p-value = 0.029), from more affluent households (18.7%, CI: 1.53-35.9, p-value = 0.033), and lived in urban areas (26.9%, CI: 18.3-35.5, p-value < 0.001). Multivariable analyses revealed that mothers with no schooling, younger mothers (aged 15-24 years), mothers who delivered at home, and delivered by caesarean section were more likely to introduce prelacteal feeds. Many mothers still engage in prelacteal feeding practices in Nigeria, with prelacteal feeding more prevalent in young mothers, mothers with no schooling, and mothers who delivered at home. Interventions involving community health volunteers are needed to improve feeding practices in Nigeria.
Introduction
It has been previously documented that prelacteal feeding is harmful and can expose infants to the risk of infection [1] . A recent study conducted in India indicated that infants who received prelacteal feeding were significantly more likely to be stunted and wasted compared to those who were exclusively breastfed [1] . Prelacteal feeding practice among nursing mothers deprive newborns of colostrum-rich in nutrients and immunoglobulins-thus, causing a reduction of the priming of the gastrointestinal tract, and increases the risk of infant morbidity and mortality [2, 3] . Studies have shown that the type of prelacteal feeds given to the newborn is associated with the culture and belief system of the nursing mothers [4, 5] . The most common prelacteal foods given to infants in many
Materials and Methods
Data used for this study were from the 2003 (n = 658), 2008 (n = 2832) and 2013 (n = 2926) NDHS household surveys [8, 22, 23] , with ethics approval from ICF International (Rockville, MD, USA). The data were used to examine the trends in prelacteal feeding, and to examine the factors associated with prelacteal feeding in Nigeria. Examining the predictors of prelacteal feeds, we pooled the three surveys. The NDHS provides information on a wide range of socio-economic, demographic, environmental, and health characteristics (including infant feeding practices) by interviewing men aged 15-59 years and women aged 15-49 years. Sampling techniques utilized in obtaining the information have been discussed in detail elsewhere [23] .
In the merged dataset (n = 6416), the analyses used information from the most recent live newborns aged less than six months old who had prelacteal feeds within the five-year period preceding the NDHS interview date.
Outcome and Exploratory Variables
The key outcome variable in the study was prelacteal feeding, as reported by the mothers who were interviewed in the surveys, defined as giving any food item or liquid (except breast milk) to a newborn, within the first three days after birth [4, 6, 10, 11] . The binary form of the outcome variable "prelacteal feeding" was noted as a "Yes" (1 = if newborn infants were given any food items or liquid within the specified period) and a "No" (0 = if newborn infants were not given any food items or liquid within the specified period). In the NDHS survey, mothers who participated were asked "in the first 3 days after delivery, was your newborn given anything to drink other than breast milk", which was followed by 10 groups of liquid drinks, including plain water, sugar or glucose water, gripe water, sugar/salt water solution, fruit juice, milk, infant formula, tea/infusion, honey, and others.
Previous studies on prelacteal feeding [2, 4, 10, 12, 14, 18] , especially from low-and middle income countries, played a role in the exploratory variables selected for the study based on the data available in the pooled dataset. These variables were grouped into four classes: community level factors, socio-economic level factors, proximate determinants (maternal and newborn characteristics), and health knowledge factors. The community level factors assessed included geopolitical zone (North Central, North East, North West, South East, South West, and South South) and place of residence (rural or urban). The socio-economic level factors considered were maternal education, paternal education, maternal work status and wealth index variable which measures the economic status of men and women who participated in the survey. The proximate determinants consist of maternal and infant characteristics, maternal age at birth, and child characteristics (gender, birth place, birth order, birth interval, mode of delivery, delivery assistance, antenatal visit, and perceived newborn size by the mother). We also considered health knowledge factors consisting of the frequency of mothers listening to the radio, watching television, and reading newspapers or magazines.
The actual birth weight was not used in the study because over half of the newborns were not weighed at birth; however, perceived newborn size at birth by mothers was used as a reasonable proxy. A previous study reported that there is a close association between mean birth weight and perceived newborn size by the mother [24] .
Statistical Analysis
Preliminary analyses involved frequency tabulations of all selected characteristics for each year of survey, followed by estimation of trends in prevalence of prelacteal feeding over a 10-year period. The Taylor series linearization method was used in the surveys when estimating 95% confidence intervals around prevalence estimates. Differences in prevalence estimates in prelacteal feeding were expressed as percentages comparing the survey across the study period. In all comparisons, differences were estimated using a chi-squared to test the significance of differences at p < 0.05.
Logistic regression generalized linear latent and mixed models (GLLAM) with the logit link and binomial family [25] that adjusted for cluster and survey weights were used to identify those factors associated with prelacteal feeding. A staged modelling technique was adopted for the multivariable analysis in which level-factors were entered progressively into the model to assess their relationship with the study outcome [26] . First, the community-level factors were entered into the baseline multivariable model to examine their association with the study outcome. Thereafter, a manual stepwise backwards elimination process was conducted and only variables significantly related to the study outcome at a 0.05 significance level were retained in the model (model 1). Second, socio-economic level factors were entered into model 1, and those factors with p-values < 0.05 were retained (model 2) after a backwards elimination process was conducted. Third, proximate determinant factors consisting of maternal and infant factors were added to model 2. As before, those factors with p-values < 0.05 were retained (model 3). Finally, a similar process was used for the health knowledge factors, which were entered into model 3. Once more, those factors with p-values < 0.05 were retained in the final model (model 4). Only those factors significantly associated with prelacteal feeding at a 5% significance level in model 4 were reported in the study.
The odds ratios (OR) and their 95% confidence interval derived from the adjusted logistic regression models were used to measure the level of association of the factors with prelacteal feeding in Nigeria. For the adjustment of the cluster sampling survey design employed in the NDHS and sampling weights, analyses were performed using "svy" commands in STATA version 13.0 (Stata Corporation, College Station, TX, USA).
Results
Of the 6416 most recent live births of infants aged less than six months used in the analyses, 3727 infants were provided with prelacteal foods. Compared with other geopolitical regions, the North West geopolitical region had the highest number of infants provided with prelacteal foods (Table 1 ). The number of infants provided with prelacteal foods was also higher among poor households, male infants, and those infants delivered by a non-health professional (i.e., a combination of traditional birth attendants, other unskilled worker, and no one). N = Weighted number of infants < 6 months of age; n = Weighted number of infants provided with prelacteal foods.
Trends in Prelacteal Feeds
Our result indicated that the prevalence of prelacteal feeding fluctuated (i.e., between 66. N = Weighted number of infants < 6 months of age; n = Weighted number of infants provided with prelacteal foods.
Our result indicated that the prevalence of prelacteal feeding fluctuated (i.e., between 66. Table 2 shows the trends in prevalence of prelacteal feeding by key factors. The study found that the prelacteal feeding among infants aged 0-6 months of age increased significantly by 19.3% in North-Central, significantly decreased by 10.5% and 46% in North-East and South-South Geopolitical regions, respectively. The trend in prelacteal feeds reduced significantly among mothers who lived in urban areas (26.9%, p < 0.001). Prelacteal feeding practices among mothers who completed primary education and mothers from rich households decreased significantly by 13.1% and 18.7%, respectively over the study period. The trend in prelacteal feeding practices decreased significantly among working mothers (9.3%, p = 0.027), mother who delivered their babies at the health facilities (13.7%, p = 0.029), mothers who delivered their infant by caesarean (43.1%, p < 0.001) and non-caesarean (6.9%, p = 0.043), mothers aged 35-49 years old (14.8%, p = 0.013), and the mothers delivered by health professionals (15.3%, p < 0.009) over the study period.
Trends in Prevalence of Prelacteal Feeds by Key Factors

Multivariable Analysis
Compared with other geopolitical regions, newborns born to mothers residing in the North East geopolitical region (OR = 4.77, 95% CI: 3.41-6.66) reported a significantly higher risk of prelacteal feeding. There was a significantly lower risk of prelacteal feeding for second to fourth birth order newborns (OR = 0.80, 95% CI: 0.66-0.97) compared to first birth (Table 3) . A significantly higher risk of prelacteal feeding among newborns was observed if their mothers had no formal education (OR = 1.65, 95% CI: 1.33-2.03). Similar results were noted when we replaced maternal education with paternal education in the final model; that is, newborns whose fathers had no formal education were more likely to receive prelacteal feeds compared to those whose fathers had formal education (OR = 1.46, 95% CI: 1.21-1.77). Table 3 . Adjusted and unadjusted odd ratios (95% confidence interval (CI)) for factors associated with prelacteal feeding in Nigeria, (NDHS, 2003 (NDHS, -2013 : Independent variables adjusted for: year of survey, geopolitical zone, place of residence, wealth index, mother's (education, work status, age), father's education, child's gender, perceived baby size by mother's, birth order, birth interval, place of birth, mode of delivery, antenatal visit, delivery assistance, reading magazine or newspaper, listening to radio, and watching television. *: Missing values were not included in the analysis.
Newborns who were delivered at home were more likely to receive prelacteal feeds compared to those who were delivered at a health facility (OR = 1.45, 95% CI: 1.23-1.71). In comparison to newborns who were delivered by younger mothers (aged 15-24 years), newborns who were delivered by older mothers (aged 35-49 years) had a significantly lower risk of receiving prelacteal feeds (Table 3 ). Other significant factors that positively influenced prelacteal feeding in Nigeria included newborns whose deliveries were by caesarean section, and newborns whose mothers were employed (OR = 1.91, 95% CI: 1.17-3.13 and OR = 1.26, 95% CI: 1.10-1.44, respectively).
Discussion
The overall prevalence of prelacteal feeding decreased over the study period (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . A decreasing trend in the prevalence of prelacteal feeding behavior was observed among mothers with at least a primary level of education, employed mothers, older mothers aged 35-49 years. A similar decreasing trend in prelacteal feeding practice was evident among mothers who delivered their babies at a health facility compared to those who delivered at home. Mothers with no education and young mothers were more likely to engage in prelacteal feeding compared to educated and older mothers, respectively. The odds for prelacteal feeding were higher among mothers in employment and those who delivered at home compared to mothers not in employment and those who delivered at a health facility, respectively.
In interpreting the study findings, a range of methodological limitations and strengths need to be considered. First, prelacteal feeding, as an outcome in this study, was based on self-report, and this is a likely source of measurement bias, given that mothers may inaccurately recall how the child was fed at the time mothers were asked to participate in these surveys. A second possible limitation is that newborn infants who received both solid or liquid items and breast milk were not detailed in the NDHS database, and misclassification of infants who received prelacteal feeding may have occurred. However, recall bias is less likely given that analyses were restricted to the most recent birth within the five-year period preceding the surveys. Another important strength is that data used in this study were nationally representative with high response rates ranging from 95% to 98%.
The benefits of early initiation of breastfeeding within the first hour of birth and exclusive breastfeeding are well documented [4, 27] . However, in many developing countries prelacteal feeding, (which is the act of giving any food item or liquid except breast milk to a newborn, within the first three days after birth, unless medically indicated) remains a common practice among new mothers [4, 6, 10, [12] [13] [14] [15] . Although a decreasing prevalence of prelacteal feeding was observed in the current study, this rate remains high in Nigeria compared to other sub-Saharan African countries such as Ethiopia [2] , Uganda [6] , and Egypt [10] . Additionally, studies from Nigeria have reported variations in the prevalence of prelacteal feeding, where socio-economic status (particularly maternal education) and the place of residence (urban or rural) played a major role [21, 23] . These differences in prevalence of prelacteal feeding may reflect the population characteristics and the data source [4, 21, 23] . Plausible reasons for the decline in prelacteal feeding in Nigeria may be due to a decrease in the prevalence of Human Immunodeficiency Virus (HIV) infection and home delivery in Nigeria [28] , as suggested by previously published studies from Uganda [29] and Bangladesh [30] , respectively. In the past, the implementation of the World Health Organization's (WHO) infant feeding recommendations for mothers living with HIV created befuddling messages that resulted in the practice of mixed feeding, including prelacteal feeding [29] . However, evidence has shown that mixed feeding increases the risk of HIV transmission compared to exclusive breastfeeding [31, 32] . Thus, exclusive breastfeeding is now recommended for infants of HIV positive mothers, except when medically advised, where the infant exclusively receives infant formula. The improvement in female education and an increase in the female labor force participation-shown to improve breastfeeding practices-may also be an additional reason for the observed decrease in the prevalence of prelacteal feeding in Nigeria [33] .
Geopolitical variability has been reported among Nigerian [20] and Nepalese [4] mothers in the context of suboptimal breastfeeding practices (including prelacteal feeding). In Nigeria, Islam as a religion is dominant in the northern region, while Christianity dominates in the southern region. Sub-analysis showed that prelacteal feeding practice was higher among women whose religion was Islam (17%) compared to those whose religion was Christian (10%). The northern region of Nigeria has a lower proportion of female education and poorer health care system compared to southern Nigerian [23] , and this may be a reason for the geopolitical differences in prelacteal feeding in Nigeria. This further highlights the need for stronger political resolve (including community-based initiatives) to reduce prelacteal feeding behaviors of Nigerian mothers. Further, other reasons have been documented for why mothers engage in prelacteal feeding, including health inequalities, socio-cultural belief systems and religious differences [4, 20, 23] . Similarly, studies from Nigeria [30] , Malawi [34] , and Indonesia [35] have suggested that the attitude of grandmothers and traditional birth attendants (TBAs) may also be an impediment to optimal infant feeding, where grandmothers or TBAs encourage new mothers to throw away the colostrum-rich in immunoglobulins and nutrients. Community-based initiatives that consider the local environment, cultural, and religious differences of Nigerian mothers are needed to reduce prelacteal feeding practices in Nigeria.
In this study, place and mode of delivery were associated with prelacteal feeding practices. These findings were consistent with evidence from India [12, [36] [37] [38] and Ethiopia [2] , which showed that home delivery promoted prelacteal feeding. Similarly, studies from Vietnam [3] , Nepal [4] , and Uganda [6] found higher prevalence of prelacteal feeding among newborns whose mothers delivered by caesarean section compared to those who delivered per vaginum. Caesarean section has been found to be an obstacle to early initiation of breastfeeding in many mothers who deliver at the health facility, and this may be an additional reason for the observed finding [3, 39] . In Nigeria many health care centers (particularly baby-friendly certified hospitals) promote early initiation of breastfeeding and exclusive breastfeeding [2] , and also ensure provider-directed breastfeeding counselling during pregnancy, delivery, and postpartum periods to deter prelacteal feeding practices [3] . Mothers who delivered at home miss this opportunity to receive health information on optimal breastfeeding practices, and this could be a likely reason for the high prevalence of prelacteal feeding observed in mothers who delivered at home. Facility-and community-based interventions that encourage mothers to deliver in the health facility, including training of health care professionals and traditional birth attendants in Nigeria are needed to further reduce prelacteal feeding practices in Nigeria.
Consistent with evidence from Nepal [4] , Uganda [6] , India [12] , and Honduras [40] , this study found that younger maternal age was associated with prelacteal feeding compared to older mothers. A plausible explanation for this finding may be that younger mothers (likely to be primiparous) have less knowledge, skills, and experience in optimal breastfeeding practices and newborn care, and are easily influenced by the marketing of infant formulas-of increasing trend in Nigeria, mainly through the television and magazines [41, 42] . The enforcement of the International Code of Marketing of Breast Milk Substitutes would also be significant in reducing prelacteal feeding practices in Nigeria.
In the present study, mothers with no formal education were more likely to engage in prelacteal feeding practices compared to those with formal education. This finding has also been reported in studies from other developing countries such Nepal [4] , Uganda [6] , and India [36, 38] . Nonetheless, studies from Philippines [43] and China [44] found that educated mothers engaged in prelacteal feeding. Socio-cultural differences, increasing female labor force participation and changes in population demography may be the reason for the observed variation in prelacteal feeding among educated mothers.
Conclusions
The rate of prelacteal feeding in Nigeria remains one of the highest in the world. The multifactorial nature of its determinants, including socioeconomic deprivation entails the adoption of a multipronged community-based approach with special focus on the North-East and North-West regions, uneducated mothers, mothers who delivered at home, and younger and primiparous mothers, to achieve a substantial reduction in prelacteal feeding prevalence.
